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Experimental Proteus mirabilis Burn

Surface Infection
Albert T. McManus, PhD; Charles G. McLeod, Jr, DVM; Arthur D. Mason, Jr, MD

* We established a human burn Isolate of Proteus mirabills as have examined human burn isolates from the genera
an experimental pathogen. Infliction of a nonfatal scald injury Enterobacter, Providencia, Klebsiela, and Proteus for
(30/6) rendered rats highly susceptible to lethal surface Infection experimental pathogenicity in the scalded rat. Our exper-
with this isolate. Dose-response experiments indicated that the ience has been that most members of the Enterobacteria-
lethal Inoculation dose (50%) was less than 103 organisms per ceae were not pathogenic for the burned rat. We herein

, 5 square centimeter. Histopathologically, surface colonization
was followed by progressive growth with subsequent invasion of report our findings concerning a human strain of Proteus

viable tissue. The invasion was not characterized by the perlvas- mirabilis that causes fatal experimental burn-wound sep-

cular or perineural lesions observed in experimental Pseudo- Sis.

monas burn sepsis. Bacteriologic examinations showed mori- MATERIALS AND METHODS
bund animals to be bacteremic with the test strain and to have
wound biopsy counts exceeding 10e organisms per gram of Healthy male Sprague-Dawley rats, weighing 330 to 370 g, were

rel tissue. The role of bacterial motility as a virulence factor In this used in these studies. In conducting this research, we adhered to

surface infection was investigated. Substrains selected for loss the Guide Jbr thw Care and Use of Laboratory Animals, as

of subsurface spreading in soft agar lost virulence. This model of promulgated by the Committee on the Revision of the Guide for
burn Infection with a member of the Enterobactereceas should Laboratory A nimal Facilities and Care of the Institute of Labora-

be used to evaluate topical and parenteral antimicrobial agents tory Animal Resources, National Research Council.' For scalding,

needed for the control of wound infections caused by such the Walker-Mason technique was used.' Rats were anesthetized
agents. with pentobarbital sodium (25 mg/kg), clipped with an animal

(Arch Surg 1982;117:187-191) clipper with a No. ,10 blade, and placed in the Walker-Mason burn
mold (Fig 1). Basically, the mold is designed to expose a predeter-
mined area of the rat's total body surface. The template used in

I t has been approximately 100 years since Koch and his these experiments was 149 sq cm, which equates to 30% of the

contemporaries founded an experimental approach for total body surface of a 350-g rat. For burning, the exposed dorsal

establishing the causes of human infectious disease. After surface was immersed in boiling water for 10 s. This exposure

isolation of the suspected pathogen, a basic tenet in the results in full-thickness injury and does not require parenteral
design was to establish a model infection with the candi- resuscitation for survival to healing.

A human burn-wound isolate, strain 77082234, was used in all
date and to compare animal pathologic course with that in experiments. The strain was identified by standard bacteriologic
the human disease. This logic was used by Teplitz and techniques as P mirablis. As an additional identification, the

colleagues in their classic proof of Pseudomonas aerugi no- strain was surveyed for enzyme profile using a commercial
sa as a pathogen in Pseudomonas burn-wound sepsis2 multiple enzyme assay system (API ZYM). Burned animals were

We have attempted to establish an animal model of inoculated on the burn wound immediately following injury.

burn-wound sepsis that would represent a laboratory Inocula were prepared by diluting overnight tryptic soy broth

analogue of infections caused by another group of candi- (TSB) using TSB as the diluent. Inoculation volumes of I mL were

date burn wound pathogens, the Enterobacteriaceae. We spread over the 149 sq cm wound.

'h o h' Jul 27.A Fig 1.-Walker-Mason burn mold containing anesthetized rat.
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LOG DOSE Fig 3.-Gross appearance of wound biopsy specimens at 24 hour

Fig 2.-Effect of total surface inoculum dose on mortality in 350-g after burn. Top specimen is from infected, burned rat. Lower
rats with 30% full-thickness scalds, specimen is from burned, noninfecfed control rat.

Table 1. -Bacteriologic Findings 24 Hours After
Proteus Surface Infection

Burn Blood Spleen
Rat No. Wound* Culture Culture

1 2.0 X - -

2 1.4 X 10
4  

+ -

3 3.4 X 10
2  

- -

4 6.0 X 10 + -

5 40 X 10'

6 6.0 X 10- -

* Colony count per gram of flamed tissue.

For serial sacrifice experiments, animals were killed using

pentobarbital. Blood culture specimens were taken from the
abdominal aorta and cultured in TSB at 37 C. After incubation
for 2-1 and 48 hours, cultures were plated on tryptic soy agar Fig 4.-Gross appearance of wound biopsy specimens at 48 hours
(TSA). Wound cultures were made from weighed biopsy speci- after burn. Top two specimens are from infected, burned rats, lower
mens. Specimens were twice flamed, using 1007 isopropyl alcohol. specimen is from burned, noninfected control rat.

Following flaming, the tissue was ground in TSB using Ten Broeck
tissue grinders. Serial dilutions in TSB were made and quanti- Relative virulence of the isolated mutants and isolated control
tated by pour plating using TSA at 50 *C. Spleen specimens were strains was assessed by burn-surface inoculation (10' colony
cut, weighed, ground, and plated as described for burn biopsy forming units [cful] of scalded rats. As an additional test, non-
specimens. spreading mutants were injected below the eschar with the intent

The possibility that bacterial motility was a component of this of assessing virulence without the requirement of surface inva-
surface infection, which has been documented in Pseudomonas sion.

burn sepsis, was investigated by examining the virulence of The strain was examined for in vitro antibiotic sensitivity.
motility mutants.' Motility mutants were isolated following expo- Several appropriate antibiotics were tested for activity in fatally
sure of strain 77082234 to 100 pg/mL nitrosoguanidine in 100mM infected rats. Treatment was initiated six hours after burning and
citrate buffer, pH 5.0, at 37 °C for one hour. For mutant isolation, infection with 10' cfu. Topical chemotherapy was attempted with
the exposed culture was washed in TSB and incubated for 12 hours 179 sulfadiazine silver and with 11.2% mafenide acetate. Paren-
at 35 °C in a shaking water bath. The culture was then serially teral antibiotics used were gentamicin sulfate, 4 mg/kg intramus-
diluted into TSB. Each of the first four dilutions was plated into 50 cularly (IM), amikacin sulfate, 8 mg/kg IM, and carbenicillin
plates (0.1 mL per plate) and mixed with 10 mL of melted (50 °C), disodium, 500 mg/kg intraperitoneally. Animals were treated
one-third-strength TSA. Following overnight incubation at 35 *C. twice per day for ten days and observed for 21 days.
plates were examined for subsurface nonspreading colonies. Five
nonspreading clones were isolated. As a procedural control, five RESULTS
spreading colonies that had been exposed to the same conditions Initial experiments with strain 77082234 showed that
were isolated. The parent isolated nonspreading mutants and initi orIments wterain 7708223 oho at
control spreading clones were examined for auxotrophy by growth inoculation of I mL of an overnight culture onto rat burn
on minimal media.' Strains were also examined for loss or gain of wounds resulted in all rats dying within 72 hours. The
standard taxonomic metabolic activities, differences in enzyme results of dilution of the inoculum are presented (Fig 2) as
profile, and alterations in growth rates in shaking cultures in the probit regression of cumulative mortality as a function
TSB. of inoculation dose. From this figure, the 50% lethal dose
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. * Fig 6.-Section of burned infected wound at 48 hours (tissue

.0" Gram's stain, X 100). Arrows indicate Gram-negative organisms.
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Fig 5.-Section of burned infected wound at 48 hours (hematoxylin-

eosin. X25).

Table 2. -Bacteriologic Findings 48 Hours After

Proteus Surface Inoculation

Burn Blood Spleen
Rat No. Wound* Culture Culture" Fig 7.-Electron photomicrograph of strain 77082234 (chromium

1 30 X 10' + 1.3 X 102 shadowed, X 19,500).

2 1 2 X 10' + 6.0 X 10

3 _.4 X 106 . . + 0' presence of fewer than 10 organisms per gram of tissue. At
5 3.1 X 10- + - 24 hours after burning and infection, the rats showed no
6 47_ X 1O, + 2.7 x To, clinical signs of sepsi'
7 2.1 X _10' + 4.3 X 102 Rats examined at .ifter burning and infection
S 5 I-.. + 3.2 x to were weak and letha-., wounds appeared raised

*Colkony count per gram of flamed tissue. and were rigid to the toucn. . . -sy showed gross thicken-
ing (Fig 4). Histopathologic examination showed suppura-
tion and edema (Fig 5). Tissue Gram's staining revealed

is about 600 organisms per square centimeter of burn massive accumulation of Gram-negative organisms invad-
wound. ing viable subdermis and fat (Fig 6). Quantitative bacteri-

Serial sacrifice experiments with rats inoculated with ologic examination showed more than 10 organisms per
10, cfu showed progressive infection. Biopsy specimens gram of flamed tissue (Table 2). Septicemia was demon-
taken 24 hours after infection showed no gross difference strable, all rats having positive blood cultures, and all but
in appearance (Fig 3). Bacteriologic findings showed biop- one rat had positive spleen cultures.
sy specimens to contain approximately 104 organisms per Strain 77082234 has peritrichous flagellation (Fig 7) and
gram of tissue (Table 1). Two of the rats had positive blood demonstrates swarming (Fig 8). Following nitrosoguani-
cultures, but spleen cultures were negative, indicating the dine exposure, all mutants that lost subsurface spreading
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Table 3.-Chemotherapy for Experimental
Proteus mirabdiis Bum-Wound Sepsis

Mortality

Day After Own

Treatment" 1 2 3 4 5 6 Total
Gentamicin sulfate,
rtmg/kg IM 0 0 0 0 0/10

Amikacin sulfate,
8 mg/kg IM 0 0 0 0 0 0 0/10

Carbenicillin disodi-
uhr 500 mg / kg IP 0 0 40 o0 O/10f

Sulfadiazine s tiver,
f % topical 0 0 0 1 0 0 1 /10

Metenide acetate.
11.2% topical 0 0 6 1 0 2 9/10

Infected control 3 4 2 0 0 10/10

sAnimals were treated twice per day starting six hours after infection. IM
indicates intramuscular; IP. intreperitoneal.

COMMENT

Proteis mirabilis strain 77082234 has been found to
cause an invasive surface infection of the burned rat. The

Fig 8-Swarming behavior of strain 77082234 following central temporal course of the disease is a continuum from surface
inoculation of 1of-mm Petri dish of ryptic soy agar (incubation 18 contamination to heavy surface growth and microinvasion
hours at 37 C. at 24 hours, systemic toxicity at 40 hours, full invasion

ability also lost the ability to swarm on the surface. Of the with septicemia at 48 hours, and death at 48 to 96 hours.

five nonspreading mutants, three lost flagellation and two The basis of the toxicity is unknown, though several

did not. Metabolically, the five nonspreading clones and possibilities exist. One is that the metabolic products of

thee spreading control clones weremalso s teen sea metabolism, namely ammonium ion, may be toxic as

strain, prototrophic. Enzyme profiles also were unchanged, described in experimental pyelonephritis.
7 A second pos-

with all strains showing high levels of alkaline phospha- sibility is that the toxicity may be the result of host

tase, leucine aminopoptidase, trypsin-like protease, acid responses to other absorbed bacterial products such as

phosphatase, and phosphoamidase. All strains produced proteolytic enzymes and lipopolysaccharide. We have not

lesser activities of esterase lipase, valine aminopeptidase as yet gathered enough data to posit a specific toxic

and nonspecific esterase. Nonspecific lipase, chymotryp- mechanism in this model, but we do believe that toxicity is
sin-like protease, a-galactosidase, 0-galactosidase, 61-glu- an important component.
curonidase, a-glucosidase, 0-glucosidase, N-acetyi-,d-gluco- Invasive infection is concurrent with toxicity. As a

saminidase, a-mannosidase, and a-fucosidase activities p reliminary approach to examine the role of tissue inva-

were not detected. Growth rates were also similar between e w ted the pesi at ei
otaile cmotility is required for virulence. As noted, strains that

Testing for relative virulence of P mirabilis motility had lost both the ability to spread in soft agar and surface

mutants gave the following results: swarming were attenuated in terms of virulence in this
model. Though these data might imply that loss of motility

Strain Mortality was associated with loss of production of toxins or other
Parent Isurfacel 20)/ L0 pathogenic mechanisms, it seems more reasonable to

Nonmotile (surface) 13/S0 assume that loss of the ability to penetrate and spread inNonmotile (injected) .36/40 the burn wound limited the expression of pathogenic
Motile control (surfacel 2 5 /3 mechanisms. When nonspreading strains were injected

below the barrier of the devitalized wound, they were as
Nonmotile mutants were less virulent when inoculated on virulent and toxic as the parent strain. This supports the
the surface than were the other three classeA Wx -f 93.189, concept that active motility is an invasion and spreading

df=- 1, P < .01). The other classes were not different from factor in this model.
one another (xZ - 1.34, dff 2, not significant). Aside from establishing pathogenicity of P mirabib., i

Strain 77082234 was sensitive in vitro to aminoglyco- an experimental model, our intent was to provide a model
sides, sulfonamides, semisynthetic penicillins, and chlo- representing burn-surface infection with one of the Enter-
ramphenicol. Treatment of fatally infected rats with gen- obacteriaceae. Such a model would allow laboratory eval-
tamicin, amikacin, carbenicillin, and sulfadiazine silver uation of chemotherapy intended for such organisms.
was effective. Mafenide acetate was not effective in this Strain 77082234 was found to be sensitive in vitro and in
model (Table 3). vivo to several clinically usable antibiotics. We have
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initiated efforts to modify the sensitivity pattern of this otics designed to overcome existing bacterial resistance
strain by introduction of specific R factors. With the mechanisms.
development of genetically identifiable resistances, this William J1. Northam. Peter A. lDorsaneo, and Paulette langlinais MS.
model may be useful in evaluation of experimental antibi- prov ided technical support in conducting the study.
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Discussion

Rii-ttti F. Eji(jti, MlD, Charlot tesvilIle, Va: Prtth-us species tisk sensitivity test. Systemic treatment of the infection was
have been incrimtinatted in a variety tof infections, including restricted only to the antibiotics to which the strain showed
burn-wounil sepsis, urinary tract infections, wtountd infections, and sensitivity. Antibiotics to) which the strain displayed resistance
intra-alidominal infectitons. They are, in fact, the second most wecre not tested in this motdel. Consequently, it is impossible to
commonh~n cause of urinary trac-t infections. The investigators' conclutde that the infection can only be controlled by the appro-
alpproach to the study oif the pathogenesis of P' pirtibiis burn- liriate antibiotic.
wound infection is reminiscent tf that employedl in the investiga- Finally, the raison &l'ttre for the success of topical antibiotics is
titons oif the iechanisms of pathogenicity of Protcus-inducel unclear. Topical application of sulfadiazine silver w-as effective,
urinary' tract infection t.J Bfircrjiol1 ltti;St:171-179). They acctount whereas olafenitle acetate hall no value. It might be interesting to
for the susceptibility tif the kidney to Prolcios on the biasis of its relate these t herapeutic outcomes in vivo to standardized antimi-
powerful urease. The urease splits urea into carbon tdioxitde and crobial creami sensitivity tests in vitro.
anmmotniutm. The atnmttt'ium released liy the bacterial enzyme E. l'ATCHiEN DI)~t~NGER:, MD, Seattle: The use of nitrosoguani-
alkaliniz.s the urine and lowers the resistance of the tissue by tline to get a nonniottile Prolcus is one way to approach the

-inactivating cotmplemeont.- Alkali nizat ilot dlisrutts the lirllelit he- p~roblemt tf whbet her or ntot motility is important. It is a kind of a
liuit atnl alloiws the oirganism ito penetrate the renal liarenchytia groiss technitque tticrtolioltigicallv anti will commonly result in a
antI cause t issue daniage. Interestingly. the impoitrtance tif badter- lot tif other mtiltatiotns that may not lie detected.
ial 111111ilit~ ,uv"is not elucitdated clearly in these experimental With the new niolectilar genetics available, agootl way to look at
stoudies of tht- pathoigetnesis tif urinary tract infectiton. this ptrobllemi would lbe to try to isolate the genetic material for

ItI this stud. bacterial moitility as measuretd biy subsurface mottility and to insert that into a ntninmtile, nonpathogenic strain
splre-ading in soft agair appears toI lit a reqluiremient for burn- atnd exatmine its paltholgenicity. This is being done a lot with
wititnil ep1si s. These lintli ngs are simiilar to pireviolus stutdies oif Eschf~ icuh it coh these idays in illerent tmotdels ttf virulence.
list udoahiiis III-iIJIisit biirn-wtiuntl sepsis in which the authors. IN)t MCMANI S: I must stress that motility a-as the only bacterial
D r MelManus antI colleagues. again stressed the inmptirtance ttf functiton that we have lootkeid at sti far, but I certainly realize that
tnotilit Y Rt Brns !txtt,4123i5-2l: . This unifactorial coincept is cor- thtere are nmany ot her potssibilities.
reel unless we assuime that agar spreatding is linketd aith other We are isoilating urease-negative cltones and protease-negative
viruilence characteristics of thi piarent torganism or that mutagen- tlones tof this strain, antI their virulence is heing evaluated. By
isis resultetd in loss oif tither unrelated virulence-linked markers changing the urease. a-e nay be changing a taxon.
that were pickeid in the nonspreatling strains antI ntot in the motile In ansaer tti Dr D~ellinger's que-stion, I realize the limitations of
strains. Though the authors may helieve that these alternatives nitrusiguanidine. I cannolt say that nti other function has been
are unreastonable, I w-ouldl submit that they are not. The authors thanged, but the fact that these mutants have remained proto-
have identifietd an important association between motility and trtuphic. I think, suggests that it may not have been as tough on
virulence, hut they have not coinclusively demonstrated a cause them as it coultd have bieen.
antI effect. Their failtire to elucidate the pathogenesis of P As far as genetic manipulation, rather than chemical mutagen- -

unjroiis hurn-a-ountl infection is not unique, however, as our esis, awhat we are trying to do noa- is introduce an ampicillin
understaniding of the pathogi-nesis of most infections is still in its resistance gene that behaves as a genetically transposable ele- -

infancy. ment intoi some of the motility genes, thereby avoiding the a-hole
The authors conclude that 11 mirohdiis infectiton (can be con- qutestiton tof chemical mutagenesis. We have not been able to do

trolletd aith apprtopriate chemotherapy. The selection of the this yet, but I think eventually a-e will.
apiproplriate antibititic was based (in the results of the antibititic i.j~ti- oe

A.-ail and or

Arrih Surg-Vol 117, Feb 1982 Burni Inection -McManus 0t 1 ml 191

Printed and Published in the United States of America




